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To estimate the genetic diversity of the only captive Saiga antelope (Saiga tatarica) population in China, 40 umbilical cord sam-
ples were collected and mitochondrial (control region) and nuclear (microsatellite) variabilities were assessed. Both of the markers 
revealed low genetic variability (or high genetic homogeneity) within the population. The microsatellites yielded monitoring 
ranges of 2–6 alleles. The observed heterozygosities ranged from 0.28 to 0.83, and the expected heterozygosities were between 
0.27 and 0.71. The Shannon information index (Shannon I) and Polymorphic Information Content (PIC) presented overall means 
of 0.87 and 0.43, respectively. The gene diversity was 0.49. We found only two haplotypes in the population, and the haplotype 
and nucleotide diversities were 39.1% and 1.13%, respectively. Founder events, bottlenecks and inbreeding have contributed to 
the low genetic variation observed in this population. Our findings revealed the extent of genetic diversity maintained in the pre-
sent population and the urgency of implementing a protection plan, introducing animals from other populations to enhance saiga’s 
genetic variation. 
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The Saiga antelope (Saiga tatarica) is an ungulate species 
living in the dry-steppe and semi-desert regions of Central 
Asia. It is an important economic resource and has long 
been hunted for its meat, hide, and especially its horns [1]. 
In China, saiga used to be abundant across the area of the 
Junggar basin and Beita Mountains. However, there has 
been no field record of wild saiga since the 1970s, indicat-
ing that this species has become extinct in China [2]. To 
prevent further population decline, saiga have been succes-
sively categorized as Critically Endangered on the Chinese 
Class 1 protected animal list, the Convention on Interna-
tional Trade in Endangered Species (CITES) Appendix II, 
the Convention on the Conservation of Migratory Species of 
Wild Animals (CMS) Appendix II, and the International 
Union for Conservation of Nature (IUCN) Red List [1].  
Moreover, in 1987, to recover the saiga population in 
China, and also enable the country to become self-sufficient 
in saiga horn for medical use, the government launched 
captive breeding programs, managed by the Gansu Endan-
gered Animal Research Center (GEARC). The captive pop-
ulation is descended from only nine individuals (five males, 
four females), which were introduced from a foreign zoo. 
The population recovered rapidly and, by the middle of the 
1990s, their number reached 35. In 1998, the harsh winter 
conditions and severe disease outbreaks caused the popula-
tion size to contract sharply to nine individuals, making this 
the most sudden and dramatic population crash in recent 
times. By the end of 2011, the population of saiga at the 
center included 114 individuals.  
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Until now, there has been no study of the population  
genetics of saiga in GEARC. Studies on genetic variation 
can help to conserve and improve an endangered species; 
therefore, in this study, we used two types of markers, mi-
crosatellites and mitochondrial DNA (control region),    
to characterize the patterns of genetic diversity in this pop-
ulation. 
1  Materials and methods 
1.1  DNA extraction and PCR amplification 
Forty umbilical cord tissue samples were collected from 
newborn individuals at GEARC in 2011. All the samples 
were immediately stored on ice as soon as the female saiga 
delivered. Genomic DNA was extracted following the 
method of Sambrook et al. [3]. Extracted total genomic 
DNA was diluted to a final concentration of 20–40 ng/μL 
before PCR. 
1.2  Microsatellite analysis 
PCR conditions followed the method of Zhao et al. [4], with 
minor modifications. Amplification products were diluted 
1:10 and microsatellite genotyping was carried out by ca-
pillary electrophoresis on an ABI3730xl genetic analyzer 
(Applied Biosystems) with four-color fluorescently labeled 
primers (FAM, HEX, ROX and TAMRA). 
1.3  Microsatellite statistical analysis 
MICROCHECKER [5] was used to check the null allele. 
Calculation of allele frequencies, the observed and expected 
heterozygosity (HO and HE), numbers of alleles per locus 
(NA), and exact tests for the Hardy-Weinberg equilibrium 
were performed using GENEPOP software [6]. POPGENE 
32 Version1.31 [7] was used to calculate the Shannon I, 
effective allele number (NE) and PIC. FSTAT version 
2.9.3.2 [8] was used to calculate FIS [9] and allelic richness 
(NR). Microsatellite data was used to analyze relatedness 
among 39 individuals by SPSS 18.0 (Figure 1). Finally, the 
bottleneck hypothesis was investigated using MBOT- 
TLENECK 1.2.02 [10].  
1.4  mtDNA sequencing 
A 450 bp subsection of the mitochondrial control region 
was PCR amplified using primer Saiga-F (5′-CCACTAT- 
CAACACCCAAAGC-3′) and primer Saiga-R (5′-GGCAT- 
TTATTGGTATGTCCTG-3′), designed from complete 
mtDNA sequence (GenBank accession number: JN632700.1) 
[11]. PCR reactions were performed in a total volume of  
25 µL, containing 1.5 mmol/L MgCl2, 0.2 mmol/L each 
dNTP, 0.5 µm each primer, PCR buffer and 0.3 µL (2.5 units) 
Taq polymerase (TaKaRa). The thermal cycling program  
 
Figure 1  Genetic distance dendrogram of 39 individuals of Saiga tatari-
ca generated by SPSS 18.0. For the Y-axis data, for example, “saiga14-F” 
means “the 14th individual of Saiga tatarica”, F means female, and M 
means male. 
consisted of pre-denaturation at 94°C for 10 min; 35 cycles 
of 94°C for 45 s, 59°C for 45 s, and 72°C for 45 s; followed 
by a final extension at 72°C for 10 min. PCR products were 
sequenced using dye automatic-terminator sequencing with 
ABI PRISM 373 or 377.  
1.5  MtDNA statistical analysis 
Alignments were performed using MEGA 5.05 [12] with 
manual editing. Using ARLEQUIN version 3.0 [13], the 
number and frequency of haplotypes, polymorphic sites, 
transitions and transversions were calculated. Genetic di-
versity was measured as the number of mitochondrial hap-
lotypes, haplotype diversity (h) and nucleotide diversity (p), 
as described by Karl [14]. The construction of Neighbour- 
joining tree [15] was performed using MEGA to reveal the 
phylogenetic relationships with saiga from Mongolia, Kal-
mykia and Kazakhstan, which were described by Campos et 
al. [16], based upon Tamura-Nei distances. 
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2  Results 
2.1  Microsatellite data 
We tested 35 pairs of primers, many of which proved to be 
monomorphic: only nine pairs yielded no less than two al-
leles consistently. The percentage of monomorphic loci was 
74.3%. MICROCHECKER software did not detect scoring 
errors associated with null alleles, stuttering bands or large 
allele dropouts for all nine loci. Among the nine microsatel-
lites, the number of alleles ranged from two to six alleles 
(Table 1), with an average of four. Microsatellites loci 
BM1303 and BM4621 had only two and three alleles, re-
spectively. The observed heterozygosities ranged from 0.28 
to 0.83, and the expected heterozygosities were between 
0.27 and 0.71. The Shannon I and PIC presented overall 
means of 0.87 and 0.43, respectively. The gene diversity of 
the population was 0.49. The allele frequencies of the mi-
crosatellite markers are given in Table 2. According to the 
results of the GENEPOP program, there was no significant 
linkage disequilibrium, indicating the independent assort-
ment of alleles at different loci. Four of the nine loci 
(BM1225, BM2113, BM4513 and BM848) significantly 
deviated from the Hardy-Weinberg equilibrium after Bon-
ferroni correction. In the present study, the FIS value ranged 
from −0.35 to 0.53, with a mean of 0.09.  
All the loci were subjected to statistical analysis using 
two models of microsatellite evaluation, the Infinite Alleles 
Model (IAM) and the Two Phase Model (TPM) to test 
whether the populations have undergone a recent genetic 
bottleneck. Most loci showed heterozygosity excess under 
the two models. In the Sign test conducted on all loci, the 
population was not found to be at mutation drift equilibrium 
under IAM (P=0.0001) or TPM (P=0.0016). 
2.2  MtDNA data 
From the 40 samples collected, the mitochondrial control 
region from 39 individuals was sequenced (one individual 
gave an unsatisfactory result). We detected 13 polymorphic 
sites: all of them were transitions. The haplotype diversity 
(h) and nucleotide diversity (p) were 39.1% and 1.13%, 
respectively, which showed an extremely low level of ge-
netic diversity. We found only two haplotypes (GenBank  
Table 1  Genetic characteristics of nine microsatellite loci in the saiga population 
Locus NRa) HO HE GD PIC I FIS 
BM1225 3.60 0.83 0.61 0.61 0.54 1.06 −0.35 
BM2113 3.84 0.40 0.47 0.47 0.42 0.86 0.15 
BM4513 5.64 0.33 0.71 0.72 0.65 1.36 0.53 
BM1303 2.00 0.48 0.50 0.50 0.37 0.69 0.05 
BM4621 3.00 0.29 0.33 0.33 0.29 0.60 0.11 
MNS64 4.18 0.68 0.54 0.54 0.46 0.94 −0.24 
OarFCB304 3.78 0.30 0.27 0.27 0.25 0.57 −0.11 
BM848 3.78 0.28 0.56 0.57 0.46 0.92 0.52 
BL25 3.67 0.47 0.43 0.43 0.39 0.80 −0.09 
Mean 3.72 0.45 0.49 0.49 0.43 0.87 0.09 
a) NR, allelic richness; HO and HE, observed and expected heterozygosities, respectively; GD, gene diversity; PIC, polymorphism information content; FIS , 
fixation index; and І, Shannon information index. 
Table 2  Allele frequency for different microsatellite loci in saiga 
Locus NAb) NE 
Allele frequency (allele length in base pair)a) 
A B C D E F 
BM1225 4.00 2.55 0.20(249) 0.54(251) 0.25(253) 0.01(255) – – 
BM2113 4.00 1.86 0.20(128) 0.08(134) 0.70(140) 0.03(142) – – 
BM4513 6.00 3.32 0.03(147) 0.24(151) 0.02(155) 0.24(157) 0.42(161) 0.05(163) 
BM1303 2.00 1.97 0.56(150) 0.44(152) – – – – 
BM4621 3.00 1.47 0.81(151) 0.13(153) 0.06(155) – – – 
MNS64 5.00 2.17 0.01(197) 0.34(201) 0.59(207) 0.01(209) 0.05(215) – 
OarFCB304 4.00 1.37 0.85(148) 0.04(154) 0.09(164) 0.03(182) – – 
BM848 4.00 2.26 0.50(230) 0.44(240) 0.03(258) 0.04(260) – – 
BL25 4.00 1.74 0.11(218) 0.74(220) 0.01(222) 0.14(224) – – 
Mean 4.00 2.08 – – – – – – 
a) Rare alleles are shown in bold type; b) NA, number of alleles per locus; NE, number of effective alleles. 
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accession number: JQ968691-JQ968692) in this population. 
One haplotype was found in 29 individuals, while the other 
was found in the remaining 10 individuals. The average 
base composition of the 450 bp fragments examined was 
17.0% guanine, 29.4% adenine, 30.1% thymine, and 23.5% 
cytosine. We chose a 270 bp fragment and constructed a 
neighbor-joining tree [15] with saiga from Mongolia, Kal-
mykia and Kazakhstan, which were described by Campos et 
al. [16], who used a 270 bp segment of the control region to 
investigate the genetic variation among 27 ancient and 38 
modern specimens (Figure 2).  
3  Discussion 
Our result showed that the GEARC population has a low 
level of heterozygosity and much lower allelic diversity in 
nine microsatellite loci. Allelic diversity reduces faster than 
heterozygosity during a bottleneck [17], because the effec-
tive population size is significantly reduced, and many low 
frequency alleles may be eliminated, or contribute little to 
heterozygosity. This process could severely reduce the 
number of alleles by eliminating rare alleles without having 
a significant effect on heterozygosity [18]. After the dra-
matic population crash in 1998, the species experienced a 
genetic bottleneck, which resulted in the populations exhib-
iting a significant heterozygosity excess. The NE was lower 
than NA, which also suggested that there are many low fre-
quency alleles in the population (Table 2). 
We also observed low genetic diversity and divergence 
in the mtDNA markers among the populations, which was 
consistent with the microsatellite results. Kholodova et al. 
[19–21] carried out a series of works in wild saiga based  
on mtDNA data during 2001–2006. They took out an ap-
proximately 450 bp fragment of the mtDNA control region 
to compare the diversity of saiga from Kalmykia and Mon-
golia. The levels of haplotypic variation were 0.87 and 0.75, 
respectively. The comparison of diversity of saiga from 
Kalmykia 1998–2003 and 1949–1980 suggested that 30 
haplotypes had decreased to 21 haplotypes during the latest 
population depression. In another work, they analyzed the 
mtDNA control region (HV1) of 93 tissue samples from all 
five populations of saiga; the nucleotide diversities of Kal-
mykia and Mongolia were 0.031 ± 0.006 and 0.008 ± 0.003, 
respectively. However, the haplotype and nucleotide diver-
sities (h=39.1%, p=1.13%) in our study were lower com-
pared with the wild populations, and were much lower than 
the values (h=91.8%, p=3.71%) in the preliminary survey of 
saiga by Campos et al. [16]. 
Loss of genetic diversity has been considered a crucial 
genetic factor that tends to produce inbreeding depression, 
reduced adaptation and fitness, and a decrease in the long- 
term species survival [22–24]. The assessment of genetic 
diversity of populations is important for planning conserva-
tion strategies for endangered species, and it is often neces- 
 
Figure 2  Neighbor-joining (NJ) tree generated by MEGA 5.05. GEARC 
represents the saiga population of Gansu Endangered Animal Research 
Center; Kazakhstan, Mongolia and Kalmykia indicate saiga from these 
three areas, respectively. SA represents the ancient individuals. Bootstrap 
values from 1000 replicates are shown when they exceed 50%. 
sary to investigate the causes of low levels of genetic varia- 
tion in populations. The effects of genetic drift are especial-
ly important when populations are small or isolated. In fact, 
according to the analysis of the initiation and development 
of the GEARC population, both the mtDNA and microsatel-
lite data revealed a low level of genetic variability and indi-
cated many problems, such as founder events, bottlenecks 
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and inbreeding depression in this population. Based on the 
neighbor-joining tree, the GEARC population forms two 
clades, indicating that only two female founders made ge-
netic contributions to the current population, which oc-
curred in isolation from populations in other areas. 
When a small population reproduces, rare alleles may not 
be passed on to the offspring; therefore, we recommend the 
manager of GEARC give the individuals with the remaining 
rare alleles and genotypes further protection and encourage 
their breeding to retain a high level of genetic diversity in 
the future. The kinship of two individuals is directly related 
to inbreeding, and is represented by the inbreeding coeffi-
cient of their offspring. Although the records on parentage 
of the GEARC population were not kept during the early 
years, molecular genetic techniques can also be used to de-
termine parentage and complete recent pedigree information. 
Figure 1 shows the genetic distance of 39 individuals calcu-
lated by microsatellite data. Individuals with low mean kin-
ship have fewer relatives in the population and therefore 
carry fewer common alleles. Based on the current pedigree 
record and genetic distance of the entire GEARC population, 
the population can be managed as single units by choosing 
individuals with a more distant relationship to be parents of 
the subsequent generation to minimize inbreeding. In the 
meantime, equalizing family sizes and the sex ratio of 
breeders should be considered to provide optimal manage-
ment of genetic diversity. When performing introduction 
strategies, individuals who carry unique alleles and haplo-
types should be considered. Moreover, there is a potential 
danger of hybrid descendants; therefore, we recommend the 
introduction of saiga from Kazakhstan and Kalmykia popu-
lations to enrich the gene pool. The further studies such as 
minimizing kinship may take more microsatellite markers 
and long mitochondria genome segments to solve genetic 
problems and applying breeding and conservation strate-
gies.  
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